Nocardia spp. are aerobic, filamentous, gram-positive, partially acid-fast actinomycetes which cause respiratory and disseminated infections in immunocompromised patients, including patients with acquired immune deficiency syndrome (5, 11, 26) . In addition, several reports have indicated that patients with no preexisting illness or immunosuppressive chemotherapy can acquire such infections (3, 7) . The slow growth of Nocardia spp. on laboratory media often results in the reduced recovery of the organism in mixed cultures (15, 23) . Therefore, if specimens (e.g., sputum specimens) submitted to a clinical laboratory are contaminated with other organisms, the growth of Nocardia spp. may be obscured. Some medium formulations containing antibiotics have been previously reported for the isolation of Nocardia spp. from soil and contaminated specimens (20, 22) . The use of selective media such as Sabouraud dextrose agar with chloramphenicol was suggested for recovery of Nocardia spp. from sputum specimens (1) . However, chloramphenicol inhibits the growth of many Nocardia isolates (2, 10) . Furthermore, decontamination of respiratory specimens has been shown to be toxic for Nocardia spp. (18) . More recently, the use of modified Thayer-Martin medium was evaluated as a possible medium for the recovery of Nocardia spp. from seeded sputum specimens (19) . Incubation of cultures at temperatures of between 40 and 50°C to reduce overgrowth by contaminating flora has been suggested (8, 25) , but it has not been definitively evaluated. Nocardia asteroides has been repeatedly isolated from soil with the help of a paraffin baiting technique that was originally introduced by Gordon and Hagan in 1936 (9) . This technique has been successfully used to enrich for N. asteroides from clinical specimens and was recently shown to result in the higher efficiency of isolation of this organism from sputum as compared with that from conventional cultures (16, 17, 23 Although Nocardia spp. grow best on antibiotic-free or inhibitor-free enriched media (8) , the organism can thrive well by metabolizing rather simple sources of carbon and nitrogen such as urea, gelatin, and paraffin (21) . We therefore designed this study to evaluate the ability of Nocardia spp. to grow on agar media containing one or more of these substrates as sources of carbon and nitrogen and to examine whether such media can be selective in allowing the growth of N. asteroides from seeded sputum specimens. Rapidly growing mycobacteria and Streptomyces spp., two organisms that are closely related to and occasionally confused with Nocardia spp., were also included in this evaluation.
MATERIALS AND METHODS
Bacterial strains. Isolates tested in this study included the following: N. asteroides (n = 31), Nocardia brasiliensis (n = 7), Nocardia otitidiscaviarum (n = 5), Mycobacterium fortuitum (n = 14), Mycobacterium chelonae (n = 5), and Streptomyces spp. (n = 4). and PA-urea (PU) were prepared by mixing 8 parts CFA with the other substrates as follows: PG, 1 part 10% gelatin plus 1 part paraffin oil; PU, 1 part 10% urea plus 1 part paraffin oil. Media containing urea were prepared by aseptically mixing filter-sterilized urea solution with preautoclaved media. All other media were mixed prior to sterilization in the autoclave. To ensure the even dispersion of oil in the agar, paraffin-containing media were continuously mixed with a magnetic stirrer while 20-ml portions were dispensed into petri dishes. In addition to the media mentioned above, blood agar (BA) and brain heart infusion agar (BHI) were the enriched media used in this study for comparison of growth. Inoculum preparation and culture procedure. Fresh growth on BA was used to prepare a suspension of the organism in 0.85% NaCl with 0.025% Tween 80. The turbidity of this suspension was adjusted visually to match that of a no. 0.5 McFarland standard. Two 100-fold dilutions were made to yield a suspension containing approximately 2 x 104 CFU/ ml. By using a calibrated plastic loop, each growth medium was then inoculated and streaked with 10 ,ul of suspension. The intent was to provide each plate with approximately 200 CFU. Plates were then wrapped in plastic and incubated at 35°C for 3 weeks. Inspections of plates for the presence of growth, colony size, and shape were made and recorded daily during the first week and then weekly thereafter.
Percentile colony scores. The following scoring system was used to evaluate colony growth on various media. Absence of growth was given a category score of 0; colonies appearing on the media were given a category score of 1, 2, 3, and 4 corresponding to diameters of cO.5, >0.5 to s 1.5, >1.5 to s2.5, and >2.5 mm, respectively. A colony score average was obtained by multiplying the number of strains exhibiting a given score divided by the total number of strains. This colony score average was converted to a weighted percentile value by considering the colony score obtained from growth of the organism on BA as 100% (for example, if the colony score averages for 31 strains were 2.75 and 1.74 after 3 days of incubation on BA and PA, respectively, then the resulting percentile colony score for N. asteroides on PA was [1.74/ 2.75] x 100, or 63.3%). Microscopic morphology and staining features of the organisms were evaluated by examination of Gram-stained and acid-fast-or weak-acid-fast-stained smears from fresh growth as it appeared on each medium.
Inoculation of seeded sputum specimens. Twelve expectorated sputum specimens submitted to our clinical laboratory for routine culture were randomly selected and seeded with 104 CFU of one of six different strains of N. asteroides per ml. Approximately 50 ,ul of each seeded and unseeded sputum specimen was plated onto BA, BHI, PA, PG, PU, UA, and GA and streaked for recovery of isolated colonies (approximately 500 CFU per plate). Plates were incubated and examined for growth as described above.
Evaluation of suppressive ability of PA. PA was examined further to evaluate its ability to suppress the growth of microorganisms present in 55 sputum specimens that were submitted to our clinical laboratory for routine bacterial culture. Specimens were plated onto PA and routine culture media (BA and chocolate and MacConkey agar). Plates were incubated at 35°C and examined for evidence of growth as described above.
RESULTS
Growth on various media. Nocardia, Streptomyces, and most group IV mycobacteria isolates were able to grow on minimal media containing a single or double substrates as sources of carbon. However, differences were observed with respect to growth rate, colony size, and morphology of organisms in stained smears. The percentile colony score is shown in Fig. 1A and B. It is important to note that the colony score is only a reflection of the diameter of the colonies and does not reflect the qualitative differences obtained on these media, as described below. Because of significant differences in growth and because these differences were more discernible at 3-day intervals of incubation, the percentile colony score was calculated based on colony diameters obtained after 3 and 6 days of incubation. As seen in Fig. 1A asteroides on BA was slow and resulted in small colonies compared with that of colonies on paraffin-containing media (Fig. 2) . As shown in Fig. 3 , other organisms present in sputum were able to grow on BA, UA, and GA, causing complete inhibition of growth of Nocardia spp. in 50% of the seeded specimens. In addition to supporting the growth of Nocardia spp., PG and PU also supported the growth of sputum flora in 70 and 30% of specimens, respectively. In one specimen, the growth of Pseudomonas aeruginosa on PG interfered with the growth and resulted in complete suppression of Nocardia spp. The distribution of organisms which grew on various media is shown in (12) 6 12 12 11 6 6 a Twelve randomly selected sputum specimens were seeded with 104 CFU of one of six different strains of N. asteroides per ml.
b Growth of one or more of the following: Neisseria spp., alpha-hemolytic streptococci, coagulase-negative staphylococci, and diphtheroids.
C One coagulase-negative Staphylococcus sp. and one diphtheroid. 
DISCUSSION
In this study we examined the ability of Nocardia spp., Runyon group IV mycobacteria, and Streptomyces spp. to grow on solid media containing the substrates paraffin, urea, or gelatin as sources of energy. The basis for the ability of these organisms to grow luxuriantly on such media is a simple one, i.e., the ability to utilize simple organic compounds as sole sources of carbon. This feature has been well described for Nocardia spp. when Gordon and Hagan (9) used paraffin baiting as a technique to isolate N. asteroides from soil. This technique has been shown to have clinical utility in the selective recovery of N. asteroides from contaminated specimens (16, 17, 23) .
Our study demonstrated that media containing paraffin as a single carbon source were extremely suitable for the growth of Nocardia spp. This finding is in agreement with previous reports (12, 13, 16, 23) . More recently, utilization of paraffin by ail three species of Nocardia has been described (J. Kane and R. C. Sommerbell, Abstr. Annu. Meet. Am. Soc. Microbiol. 1989, F55, p. 467). The quality of growth of Nocardia spp. on media containing paraffin was either equivalent or superior to that on nutritionally rich media. In fact, colonies of several isolates of N. asteroides grew larger on media containing paraffin than they did on BA or BHI. Most strains grew less lavishly on GA and UA; colonies were flat and small and the growth rate was slower. N. brasiliensis, however, grew well on both GA and PG, showing zones of hydrolysis around colonies on GA. Gelatin hydrolysis is a physiologic characteristic of N. brasiliensis (8, 27) . Both N. asteroides and N. otitidiscaviarum grew on GA, but only a few strains of N. asteroides showed evidence of hydrolysis. Rare strains of N. asteroides may hydrolyze gelatin (8) .
Although all three species of Nocardia are known to possess the enzyme urease, the overall growth on UA was poor and the presence of urea was somewhat inhibitory to the early growth of N. asteroides and N. brasiliensis on PU. This finding could indicate that urea was not utilized because of the absence of factors necessary for the activity of the enzyme or that the energy produced from its degradation was insufficient to support good growth.
These minimal media supported the growth of group IV mycobacteria, but the slower rate of growth and the smaller colony size distinguished these organisms from Nocardia spp. Despite visible growth on BA, the growth of M.
fortuitum and M. chelonae on UA, GA, and particularly, media containing paraffin was very slow. In fact, paraffin seemed to inhibit the growth of M. fortuitum, since 5 of 14 isolates did not show evidence of growth during the first week of incubation, thus resulting in a low colony score and percentile colony size. As seen in Fig. 1 , the percentile colony score for M. chelonae appeared to be much lower than that of M. fortuitum, mainly because of the faster growth and larger colonies of the former on BA and not as a result of a difference in the growth of these organisms on selective media.
Our finding that Streptomyces spp. grew very well on GA and PG and relatively well on UA with colonies similar in size to those on BA was expected since this organism is known to hydrolyze gelatin and utilize urea (8, 27) . The poor growth (low percentile colony score) of Streptomyces spp. on PA and PU and the better initial growth on GA compared with that on PG may indicate that the presence of paraffin inhibits the growth of this organism (Fig. 1) .
No differences in the colonial morphology, color, or texture could be detected among different species or strains within the same species grown on paraffin-containing media, despite the differences that are known to exist on routine culture media such as BA or Sabouraud agar (8, 27) . Microscopic examination of colonies of group IV mycobacteria on GA and UA demonstrated the presence of short lateral branching with no aerial hyphae. Under similar conditions, growth of Nocardia and Streptomyces spp. on GA and UA resembled that seen on tap water agar, a useful culture method for differentiating Nocardia spp. from rapidly growing mycobacteria (4, 24) .
Media containing paraffin were able to fully support the growth of N. asteroides in seeded sputum specimens. The failure to recover N. asteroides from enriched media as well as UA and GA was most likely due to overgrowth by other the flora that were present in the sputum specimens (Table 1 and Fig. 2) ; only PA was suppressive to the other flora that were present and, thus, was selective for the growth of N. asteroides. The addition of urea or gelatin resulted only in increasing the growth of other organisms and, in at least one case, (GA) resulted in the inhibition of Nocardia spp. because of overgrowth by P. aeruginosa. The finding that N. asteroides was not recovered from 50% of the specimens on BA, BHI, GA, and UA (Fig. 2) The efficacy of PA in the recovery of Nocardia spp. from clinical specimens from patients with nocardiosis remains to be determined and will be the subject of future studies.
